Abstract. Hybrid capture Ⅱ (HC-Ⅱ) is the only technique that can be used in clinical human papillomavirus (HPV) DNA detection. However, there is controversy in regards to how to analyze and assess the viral load of high-risk (HR)-HPV by use of HC-Ⅱ and the relation between viral load and cervical lesions. In this study, we analyzed the results of a sequential screening of outpatients at the Department of Obstetrics and Gynecology of the China-Japan Friendship Hospital, and we aimed to explore the relationship between HR-HPV viral load and the severity of cervical lesions, and to clarify the clinical significance of the titer of HR-HPV DNA determined by HC-Ⅱ. Using HC-II, 2,761 women were screened for HR-HPV DNA combined with cytological testing using liquid-based cytology. All women with HR-HPV-positive results or abnormalities in cytology underwent a cervical biopsy through colposcopy. Cervical biopsies were taken in 1,051 women. The HR-HPV infection rate was 78.35% (76/97) in HPV-associated lesions, 87.33% (193/221) in cervical intraepithelial neoplasia (CIN) Ⅰ, 94.74% (144/152) in CIN Ⅱ, 100% (178/178) in CIN Ⅲ and 100% (20/20) in invasive cervical cancer (ICC), respectively (P<0.05). Based on the criteria of histopathology, the sensitivity of HR-HPV DNA testing by HC-Ⅱ for detecting high-grade cervical lesions was 97.71%, the specificity was 79.64%, the positive-predictive value was 41.06% and the negativepredictive value was 99.59%. The viral loads of HR-HPV DNA were 512.15±764.19 in HPV-associated lesions, 753.95±978.27 in CIN Ⅰ, 871.08±1003.52 in CIN Ⅱ, 603.40±740.25 in CIN Ⅲ and 466.44±673.05 in ICC, respectively. In conclusion, the positive rate of HR-HPV increased significantly in accordance with the severity of cervical lesions. The viral loads of cervical inflammatory lesions were markedly lower than CINs and ICC. The viral loads of HR-HPV DNA tested by HC-Ⅱ had no correlation with the grade of cervical lesions.
Introduction
Since hybrid capture Ⅱ (HC-Ⅱ) was approved by the US Food and Drug Administration (FDA) in 1999, it has been utilized in China for nearly 10 years. At present, HC-Ⅱ is the most advanced viral DNA detection technique, and also the only technique used in clinical human papillomavirus (HPV) DNA detection. Epidemiologic studies have shown that cervical cancer is an infectious disease. Persistent infection of high-risk (HR)-HPV is a necessary condition of cervical cancer and precancerous lesions -cervical intraepithelial neoplasia (CIN) (1) . HPV DNA detection by use of HC-Ⅱ has played an important role in the screening of cervical cancer and CINs (2) . The application of HC-Ⅱ has reached a consensus in some clinical fields: i) combined use with liquid-based cytology (LBC) in cervical cancer screening to improve sensitivity and specificity; ii) use in a triage of patients with atypical squamous cells of unknown significance or more severe cytological lessions; iii) use in the follow-up of the patients with CIN Ⅱ or more severe histological lessions. However, there is controversy as to how to analyze and assess the viral load of HR-HPV by use of HC-Ⅱ and the relation between viral load and cervical lesions. At present, there are three viewpoints. i) Viral loads of HR-HPV DNA increase with the severity of cervical neoplasias (3, 4) . ii) Both cervical cancer and CINs are highly influenced by HR-HPV viral loads (5) . iii) From cervical inflammation to CINs, the titer of the HC-Ⅱ test does not demonstrate a clear line, but the higher the titer, the greater possibility of high-grade squamous intraepithelial lesions (6) . In this study, we analyzed the results of a sequential screening of outpatients at the Department of Obstetrics and Gynecology of the China-Japan Friendship Hospital, and we aimed to explore the relationship between HR-HPV viral load and the severity of cervical lesions, and to clarify the clinical significance of the titer of HR-HPV DNA determined by HC-Ⅱ. Gynecology of the China-Japan Friendship Hospital consented to cervical cancer screening using HC-Ⅱ and LBC. Written informed consent was obtained from all patients. All of the cases met the following criteria: defined sexual behavior, no current pregnancy, no previous hysterectomy, and no previous ablative or excisional therapy of the cervix. The mean age of the 2,761 women was 39.25±10.08 years of age (range, 17-80 years).
Materials and methods

Study
Cytology. A sample of drop epidermic cells from the ectocervix and endocervix was obtained by performing complete rotations with a cervical cytobrush and immediately immersed in fixative solution. Thin-layer cytology specimens were obtained using the Surepath liquid-based cytology and Thinprep liquid-based cytology tests. Cytologic diagnosis was made according to the cervical cytology criteria of the 2001 Bethesda System (7).
HPV DNA testing using hybrid capture Ⅱ. HR-HPV DNA detection was performed using the automated HC-Ⅱ test system (Qiagen, Gaithersburg, MD, USA). The samples were analyzed for the 13 most common HR-HPV DNA types: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68. Specimens were considered positive for HPV infection when the relative lighting unit (RLU) value was equal to or greater than the positive control (PC), which corresponds to 1 ng/l of HPV DNA (~4700 copies of the HPV genome/ml assay).
Colposcopy and biopsy. Colposcopic examination of the cervix was performed in women with either HR-HPV-positive results or abnormalities in cytology, or both. Negative results in both cytology and HR-HPV testing predicted a low risk of cervical neoplasia. A punch biopsy was taken from key sites of acetowhite epithelium, mosaic, punctation, leukoplakia and atypical vessels that were represented after daubing with 5% acetum. If no abnormal lesion was found, a punch biopsy was taken from positions 2, 4, 8 and 10 o'clock of the cervix according to routine biopsy methods. Endocervical canal curettage was performed when colposcopic examination was unsatisfactory. The patients with high-grade lesions accepted loop electrosurgical excision procedure (LEEP), or cold knife conization (CKC), or even hysterectomy for further diagnosis and treatment. The most severe diagnosis was determined as final histopathological diagnosis. The diagnostic criteria of high-grade lesions were defined as equal to or more severe than CIN Ⅱ.
Statistical analysis. Based on the criteria of histopathology, the sensitivity, specificity, positive-predictive value and negative-predictive value were calculated. The difference of mean data was estimated by the t-test, and HPV test results and final histologic diagnoses were analyzed by the χ 2 test. Based on the quartiles of the logarithms of RLU/PC, the positive cases of HR-HPV DNA were divided into 3 groups: low-degree loads (log 10 RLU/PC =0-1.73), moderate-degree loads (log 10 RLU/PC =1.74-2.78) and high-degree loads (log 10 RLU/PC =2.79-3.73). The patients with negative HPV (log 10 RLU/PC <0) were considered as the normal control group. Statistical analysis software SPSS 13.0 was used. P<0.05 was considered statistically significant.
Results
Histopathological results. Cervical biopsies were obtained upon consent in 1,051 women by colposcopy. HPV-associated lesions implied transient HPV infection in the uterine cervix. Final pathological diagnoses included HPV-associated lesions in 97 cases, CIN Ⅰ in 221 cases, CIN Ⅱ in 152 cases, CIN Ⅲ in 178 cases, invasive cervical cancer (ICC) in 20 cases and inflammation in 383 cases, respectively. A total of 1,710 women both LBC-and HR-HPV-negative had an extremely low-risk to develop high-grade CINs during the next several years (8) . We considered them to be negative for intraepithelial lesions or malignancy (Fig. 1) .
Age analysis. The distribution of patient age with different histopathological diagnoses is shown in Table Ⅰ (Fig. 2) .
Analysis of viral loads. The viral loads of HR-HPV DNA tested by HC-Ⅱ are listed in Table Ⅱ . The median log 10 RLU/ PC valuewas 1.77 in inflammation/negative for intraepithelial lesion or malignancy cases, 1.83 in HPV-associated lesions, 2.44 in CIN Ⅰ, 2.65 in CIN Ⅱ, 2.44 in CIN Ⅲ and 2.13 in ICC cases, respectively. The distribution of viral loads of HR-HPV DNA in different cervical lesions is shown in Fig. 3 .
The positive cases were divided into 3 groups: low-degree loads, moderate-degree loads and high-degree loads, respectively. The distributions of viral loads in different cervical lesions are shown in The range of RLU/PC values tested by HC-Ⅱ was widely distributed from one to thousands in different cervical lesions. When the data were transformed to logarithms, there was no statistical significance between CINs and ICC. This implied that the viral loads of HR-HPV DNA had no correlation with the severity of the cervical lesions. In inflammation/ negative for intraepithelial lesion or malignancy cases and HPV-associated lesions, the viral loads of HR-HPV were low-degree loads when analyzed by the median RLU/PC, or analyzed by the Chi-square test among different groups. But there was statistically significant difference between moderate-degree loads in CINs and high-degree loads in ICC.
The data showed that the positive HR-HPV rate in women >40 year of age was the highest (43.46%). But there was no statistical significance between the viral loads of HR-HPV and patient age (χ 2 =3.968, P=0.410) ( Table Ⅳ) .
Discussion
HPV infection and cervical intraepithelial neoplasias.
Based on their association with cervical cancer and precursor by karyomegaly, nuclear enlargement with binucleation, irregularities in the nuclear membrane and hyperchromasia. Perinucleus cavity may be found, and kiolocytosis has diagnostic significance. But HR-HPV infection may be short of morphological evidence. If HR-HPV infection continues for 8-10 years, high-grade CIN (CIN Ⅱ and Ⅲ) may occur, and invasive cervical cancer may progress within 5-10 years. Some studies revealed that HPV infection exists in 99.80% of cervical cancer cases (9) . In this study, the morphological concomitance of kiolocytosis was 76.92% in CIN Ⅰ, 65.13% in CIN Ⅱ and 38.20% in CIN Ⅲ cases, respectively. This implied that LR-HPV infection decreases significantly as the CIN grade progresses. However, in our study positive HR-HPV tested by HC-Ⅱ was 87.33% in CIN Ⅰ, 94.74% in CIN Ⅱ and 100% in CIN Ⅲ cases, respectively. This implied that the infection of HR-HPV increases as the lesion progresses. These results prove that LR-HPV infection is correlated with low-grade lesions (CIN Ⅰ), while HR-HPV infection is necessary for high-grade lesions (CINs Ⅱ and Ⅲ) and cervical cancer. HR-HPV infection played a major role in the occurrence and progression of cervical cancer. Morphological study showed that with the progression of CINs, cervical gland involvement predominantly increased. This demonstrated that invasion of high-grade lesions might increase, and these lesions should be treated more actively.
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Relationship between the viral loads and cervical intraepithelial neoplasias and invasive cervical cancer.
The range of RLU/PC values was widely distributed in this study from one to thousands including the normal cervix, inflammation of the cervix, CINs and ICC. Thus, the viral loads could not be used to define whether the lesion was benign or malignant or its severity. To investigate the relation between viral loads and lesions, RLU/PC values were transformed into logarithms and categorized into four groups. It was found that there was no statistical significance between inflammation/ negative for intraepithelial lesion or malignancy cases and HPV-associated lesions, and the viral loads of these groups were at a low level. The log 10 RLU/PC values were 1.77 and 1.83, and this level was lower than those of CINs and ICC. The viral loads of CINs and ICC were at a moderate or high level. There was no relationship between the viral loads and the severity of cervical lesions. In this study log 10 RLU/PC values of CINs were higher than that of ICC. This might have been partly due to the relatively fewer cases of ICC. However, the median log 10 RLU/PC value for CIN Ⅰ was the same as that for CIN Ⅲ; both were 2.44 and lower than that in CIN Ⅱ (2.65). This showed that the log 10 RLU/PC value does not reflect the severity of cervical lesions. On the other hand, due to the limitations of histopathology, the actual lesion sample was at times not acquired by biopsy and might induce positive results for HC-Ⅱ with negative results for histopathology in some cases.
Clinical significance of HR-HPV DNA testing using hybrid capture Ⅱ. The threshold value of RLU/PC is defined by 1.0. But RLU/PC <1.0 does not mean absence of HPV infection. RLU/PC <1.0 means 4700 HPV copies/ml. According to this threshold value, we could optimally evaluate the sensitivity and specificity for the risk of high-grade cervical lesions. Some studies showed (8, 10 ) that better sensitivity and specificity could not be obtained by increasing the threshold value of RLU/PC. Therefore, HR-HPV DNA tested by HC-Ⅱ had clinical significance at RLU/PC ≥1. Based on the histopathology in this study, the sensitivity of HR-HPV DNA tested by HC-Ⅱ for detecting high-grade cervical lesions was 97.71%, the specificity was 79.64%, the positive-predictive value was 41.06%, and the negative-predictive value was 99.59%, respectively. A vast amount of data in China and other countries revealed that the main advantage of HR-HPV DNA detection is its extremely high negative-predictive value (11) (12) (13) (14) (15) . It is possible to infer that individuals with negative HR-HPV have an extremely low risk of cervical cancer. In this study, the sensitivity and negative-predictive value were very high. Thus, as HC-Ⅱ is a simple accessible method, we can apply it independently for the screening of cervical cancer and precancerous lesions. In our study, patients in the CIN I group were the youngest in age, and the range of RLU/PC values was widely distributed. This implied that the HPV virus might be in a free state in infected young women. The virus might be duplicated temporarily in a large amount, but might be eliminated by the host through the autoimmunity mechanism. High-grade cervical lesions would occur only when the viral DNA integrated with the host DNA. Studies have shown that persistent HR-HPV infection is a necessary condition of CINs and cervical cancer (16) . LEEP and CKC have become routine treatment for CINs, but lesions may recur after clinical treatment. How to monitor cases with persistent HR-HPV infection and follow up cases after treatment is still unclear. Yet, HC-Ⅱ testing offers a reliable method for the management and follow-up after treatment of cervical precancerous lesions.
In conclusion, the viral loads of HR-HPV DNA tested by HC-Ⅱ had no correlation with the severity of cervical lesions. The viral load of inflammatory cervical lesions was markedly lower than those of CINs and ICC. The positive rate of HR-HPV increased significantly with the progression of cervical lesions. HC-Ⅱ testing has important value both in the screening of cervical lesions and in the management and follow-up after treatment of cervical precancerous lesions.
